ABSTRACT.-The proportions of nitrogen (N), as urate-N (76.1%), NH,-N (16.4%), and urea-N (7.5%) in the urine of fasted Turkey Vultures, are similar to those found in the urine of domestic chickens and ducks, the only other birds for which comparable data are available. Vultures show an adaptive increase in the percentage of urinary N excreted as urate (up to 86.8%) and a decrease in NH,-N (down to 8.9%) and urea-N (down to 4.3%) in the period after feeding on meat. These alterations in the proportions of nitrogenous wastes increase the efficiency of N excretion; fed birds excrete 4.8 times more N per milliliter of urinary water than fasted birds. The efficiency of N excretion during the 1.5-h period after feeding is comparable to that of the most efficient mammalian excretory systems.
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The elimination of urate (i.e., uric acid or any other urate compound) as the major nitrogenous excretory compound of birds generally is considered to be an adaptation for water conservation.
Needham (1938) described the benefits of urate as a nitrogenous end product in cleidoic eggs; the potential osmotic advantage of urate excretion to adult birds is discussed in most current avian physiology texts (e.g., Sykes 1971 , Shoemaker 1972 , Sturkie 1976 Our objective was to investigate nitrogen excretion in a carnivorous species, the Turkey Vulture (Cathartes aura). Vultures feed on carrion which may be far from water. Thus, when feeding under natural conditions, they consume much nitrogen but are limited to that water available in the food. We compared the proportions of urinary N birds were fed, and urine collections were continued for at least 1.5 h. The birds did not have access to drinking water at any time during the urine collections. Ambient air temperatures were 24.5-31.5"C; the birds were not exposed to direct sunlight.
For urine collections, the vultures were placed in cages made of plywood and poultry mesh (61 x 76 x 92 cm) with raised mesh floors. Waxed paper was placed under the floor and urine that fell to the paper was collected immediately into capillary tubes. The tubes were sealed, labelled and placed in crushed ice until the end of the collection period, then stored frozen until analyzed. Urine samples with fecal contamination were discarded.
Small urine samples of about 50-100 ~1 were voided frequently by both fed and fasted birds. We were unable to collect the urine quantitatively, but we did count the number of urine samples voided and we estimated the size of larger drops as multiples of the small drops. This gave an estimate of the relative rates of urine flow for fasted vs. fed birds.
Urine samples were diluted and analyzed for urate, ammonia (NH,) and urea as described by McNabb and McNabb (1975a) . These methods permit the measurement of all three compounds in a single urine sample diluted with lithium carbonate solution to dissolve precipitated urates. Urea (after hydrolysis by urease) and ammonia were determined spectrophotometrically using the indophenol reaction; urate was determined from the fraction of the absorbance at 292 nm abolished by uricase digestion. Osmotic pressures of the urine were determined with a Wescor 5130 vapor pressure osmometer (Wescor Inc., Logan, Utah). Precision levels of the techniques for ten replicates of a single urine sample were such that the SE in each analysis was <0.5% of the mean.
Statistical analyses were performed using Student' s t-test, with values of P < 0.05 considered indicative of statistically significant differences. proportion of waste N, followed by NH,, then urea (Fig. 1) . In response to feeding, vultures significantly increased the percentage of mate-N (from 76.1 to 86.8%) and significantly decreased the percentages of NH,-N and urea-N (Fig. 1) .
RESULTS

In
Urinary concentrations of all three nitrogen compounds increased significantly during the post-feeding period (Fig. 2) but the concentration of urate-N increased 5.5 times while NH,-N and urea-N concentrations increased only 2.6 times and 2.8 times, respectively. Urinary N concentrations reached maxima 30-45 min after feeding and returned to fasted levels by 1.5 h after feeding (Fig. 3) . Each bird exhibited the patterns of N excretion shown in Figure 3 for the two "fasted" and two "fed" days it was studied. The osmotic pressure of the liquid fraction of the urine from fed vultures (417 -+ 25 mOsm) did not differ significantly from that for fasted vultures (397 t 15 mOsm).
The mean rate at which vultures voided urine was 0.29 dropslmin for fasted birds and 0.15 drops/min for fed birds (approximately 0.9 and 0.45 ml/h, respectively).
These rates are statistically different at P G 0.05, and indicate a decrease in excretory water losses, in addition to the increased efficiency of N excretion indicated by the increased urinary N concentrations after feeding. Approximations indicate that, during the 1.5 h following feeding, less than 1% of the ingested N actually is excreted.
DISCUSSION
Although meat contains considerable quantities of water, additional drinking water may not be available to carrion feeders immediately after feeding. Because vultures are strong fliers, they presumably can obtain drinking water daily, so they probably do not face extended periods of water deprivation. 1966) , appear to possess a nasal salt gland that may eliminate some of their electrolyte load. We observed apparent salt gland secretion during the period after feeding but were not able to collect the secretions without altering the conditions for urine collection.
Measurements of nitrogen compounds in
The urine collection methods used in this study did not allow us to evaluate the relative roles of the kidneys and cloaca in urine concentration. The relatively high frequency of elimination of small amounts of urine seems to indicate that urine remains only briefly in the cloaca, and thus its composition is little modified by that organ. However, since voiding was less frequent after feeding, the high urinary N concentrations at that time could be due partly to an increase in cloaca1 water reabsorption.
Whether the changes in urinary composition that occur after feeding are due solely to the kidney, or involve some cloaca1 modification, they do appear to limit the amount of osmotic work necessary for nitrogen excretion. To evaluate this osmotic saving, we calculated the urinary osmotic pressures that would be produced if all urinary N were excreted as urea. This idea was first used by Sykes (1971) who, using data from Hart and Essex ( The increased efficiency with which Turkey Vultures excrete nitrogen after feeding appears to be an adaptation to carnivory. Although the amount of N excreted at this time is not large (<l% of the two-day food supply provided by the meal was excreted during the 1.5-h collection period), water available in the food is used to excrete N with almost as little water loss as is achieved by the most efficient mammalian kidneys known. While our study does not reveal the mechanisms by which this efficiency is achieved, it does emphasize the existence of a shift toward a higher proportion of mate excretion to achieve this level of excretory efficiency. 
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